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SPECIFICATIONS FOR INCINERATOR TESTING 
AT FEDERAL FACILITIES 


“I.” INTRODUCTION 


The following test procedures are recommended for use in determining 
whether an incinerator meets the air pollution emission standards of the 
Federal Code as detailed in Section 2, herein. These test procedures are 


applicable to the following types of incinerators: 


1. Multiple-chamber incinerators burning less than 2,000 pounds 


per hour of general refuse. 
2. Multiple-chamber incinerators burning pathological waste. 


3.  Single-chamber incinerators, except flue or chute fed incin- 


erators, burning either general refuse or pathological waste. 


In some instances, these incinerators may be equipped with scrubbers or 
afterburners to reduce emissions to the atmosphere. These procedures may 


still be used where such devices are employed. 


Many incinerator operating variables, such as type of waste: charging, anc 
stoking processes, affect emission levels. To minimize the effects of 
these variables on emissions, standard procedures described herein have 
been adopted. In addition, since sampling equipment and analytical proced- 
ures also influence results, existing test methods were reviewed and appli- 


cable parts of these methods were incorporated in these procedures. 
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The test procedures included herein are taken in part from the as yet un- 
published, “Interim Guide to Good Practice for Selected Incinerators for 

_ Federal Facilities" and, as such, are subject to revision. Equivalent 

- test procedures or equipment may be used for purposes of determining com- 
pliance, provided that they are approved by the Federal Facilities Section, 
‘Abatement Program, National Center for Air Pollution Control, Washington, 
D. C. 


2. DETERMINING COMPLIANCE 


2.1 GENERAL 


In the case of new incinerators of a design other than those recommended 
in the Interim Guide or incinerators that are to be upgraded to meet the 
Federal Code, it should be agreed with the supplier or person modifying 
the incinerator that the procedures described herein will be used to 
determine compliance prior to purchasing the incinerator or contracting 
for its modification. In any event, an engineer from the Abatement 


Program shall be present at every test as an observer. 


A testing organization, private or governmental, subsequently called 
"tester," which has had experience in testing incinerators to determine 
their emissions to the atmosphere or can establish competency to conduct 


tests, may conduct acceptance tests. 
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2.2 STANDARDS FOR PARTICULATE EMISSIONS 


An incinerator will be deemed to have met the particulate emission stan- 
dards with regard to grain loading if, upon being tested by the procedures 
described herein, it is found to emit, as the average of two runs, concen- _ 


trations of particulate matter not in excess of that given in subsections 
2.2.1 and 2.2.2 


2.2.1 Incinerators of 200 Pounds Per Hour and Over 


Incinerators, existing or new, having burning rates equal to or greater 
tnan 200 pounds per hour shall not exceed 0.2 grain of particulate matter 
per stanaara cubic foot of dry flue gas corrected to 12 percent carbon 
dioxide (without the contribution of carbon dioxide from auxiliary fuel), 


and shall not normally include particles larger than €0 microns. 


2.2.2. Incinerators Under 2900 Pounds Per Hour 


Incinerators, existing or new, having burning rates of less than 200 
pounds per hour shall not emit more tnan 9.3 grain of particulate matter 
per standard cubic foot of dry flue gas corrected to 12 percent carbon 


dioxide (without the contribution of carbon dioxide from auxiliary fuel). 


t2 
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2.3 STANDARDS FOR VISIBLE EMISSIONS 


2.3.1 “Existing Incinerators 


For existing units, except during startup or stoking, the density of any 
emission to the atmosphere shall not exceed Number 2 on the Ringelmann 


Scale or Public Health Service Smoke Inspection Guide. 


2.3.2 New Units 


For new units, except during startup or stoking, the density of any 
emission to the atmosphere shall not exceed Number 1 on the Ringelmann 


~ Scale or Public Health Service Smoke Inspection Guide. 


3. WASTE PREPARATION 
Tests on general-refuse-burning incinerators shal] be conducted while burn- 
ing the standard waste described below or its: equivalent as specified by 
the Federal Facilities Section. Tester shall prepare the waste so that the 


components do not vary more than 10 percent from the eercentnge of each 


component specified below: 


| Material Percent by weight 
Corrugated cardboard shredded into 1/2-inch strips 23 
Newspaper cut into strips 2 by 12 inches | 22 
Magazines cut along bindings into pieces 2 by 12 inches 7 
Brown paper, wax-coated or impregnated paper, and plastic- 15 


coated paper, equal portions of each, in pieces no larger 
than 6 by 6 inches. 


Raw potatoes cut into slices a 1/2 by 1/2 25 
by 3 inches ee 
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For general-refuse incinerators, the refuse is to be packaged in paper 
bags of sizes between 1/10 and 1/20 of the volume of the primary chamber. 
All bags are to be weighed to the nearest quarter pound and marked. ODur- 
ing testing, the weights should be recorded as the bags are charged. For 
general-refuse incinerators of 300 pounds per hour or over, however, the 
waste may be packed in cardboard boxes; the weight of the bag or box will 
be considered as part of the brown paper or cardboard required in the 


charge. 


Tests on pathological incinerators shall be conducted while burning 
animals or other pathological waste of a nature that would normally be 
charged to the incinerator. In testing pathological incinerators all 
animals over 5 pounds should be placed in separate plastic bags, weighed 
to the nearest one-half pound, and have its weight clearly marked on the 
bag, prior to startup of the incinerator. Smaller animals, such as 
guinea pigs, rats, mice, and rabbits, should be combined to form 3-pound 
charges in plastic bags, weighed, and marked as detailed above. All 
limbs, organs, and other human tissue should be charged in plastic bags, 
containing not less than 3 pounds of material, with the weight clearly 


marked to the nearest quarter pound. 


Tests on incinerators burning Types 3, 5, and 6 wastes! shall be con- 
ducted while burning the waste that will be normally fired into the 


incinerator. 
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4. PRELIMINARY TEST ARRANGEMENTS 


Tester shall notify the Federal Facilities Section at least 30 days prior 
to the test, so that an engineer from the Abatemert Program can be present 


as an observer at every test. 


Prior to the test, tester is to clean the incinerator ignition chamber, 
‘ash pit, and combustion chambers of all ashes and debris; and the crates 

or hearth of any unburned residue or ashes. Tester will also inspect al] 
gas burners, dampers, fans, air port dampers, and other appurtenances to 
determine whether they are functioning properly. Tester is also to clean 
out and inspect any scrubber with particular attention to scrubber nozzles 
to see that they are not plugged. If any of the foregoing are inoperative, 
malfunctioning, or in need of repair, tester will inform the proper parties 


so that all appurtenances may be made to function properly before the test. 


5, TRIAL RUN 
Tester shall operate each incinerator for a 1-hour trial run, preferably 
inmediately prior to the day of actual testing, so that time will be ample 
_to make any corrections or calculations required before tne actual tests. 
. Buring the trial run the incinerator shall be operated in the same anver 
as during the actual test. The purposes of the trial run test period are 


as follows: 


1. To adjust the incinerator to produce proper combustion cha«ber 


draft. 
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2. To establish charging procedures. 


3. To establish rated or maximum burning rate of incinerator. 
4, To determine the stack gas velocity profile. 


5. To determine the correct nozzle size for isokinetic sampling. | 


5.1 ORAFT ADJUSTHENT 


Before attempting to perform any of the other tasks to be accomplished dur- 
ing the trial run, tester shall first adjust the draft at the primary cham- 
ber air ports to between 0.1 and 0.25 inch of water column, or to the set- 

ting listed in the manufacturers’ instructions. The draft may be regulated 


by adjusting any of the following devices: 
1. Barometric damper. 
2. Guillotine damper. 
3. Butterfly damper. 
4. Fan. 
_ While adjusting the draft, tester should operate the incinerator at its 


rateu capacity if possible and use the burners that are to be operated 


during the test run. 


3.2 CHARGING PROCEDURE 


During the trial run, tester will determine whether cnarging procedures 

as specified herein are suitable for each particular incinerator. If not, 
tester will consult with the Federal Facilities Section, and such proced- 
ures may be madified as necessary. 
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In the case of patholojical incinerators, a1] waste ciarged shall be 2ox- 


posec to tne flames Gf the primary burners withcut blocking the burner port 


and shall be distributed as evenly as practicable over the hearth. 


5.3 DETERMIWATION OF CHARGING RATE 


Curing the trial run tester will establish the charging rate for the incin- 
erator. This shall be the rated capacity or the maximum rate, not in excess 


of the rated capacity, at which none of the following conditions occur: 


1. The physical volume of the incinerator is exceeded (the 


flame port should not be obstructed.) 
(2. Gases are beginning to puff out of the incinerator. 


3. Positive pressure appears at the underfire air ports in the 
ashpit or at the overfire air port. If such a positive pres- 
sure appears or the incinerator puffs out, then the charcc 
rate shall be reduced until the incinerator does not puff out 
or operates with a negative draft in the chamber in which the 


draft is being measured. 


4. The burndown period for organic material does not extend more 


than 15 minutes past the 1-hour test pcrioc. 


§.4 GAS VELOCITIES 


By traversing for gas velocity and temperature at tne sampling locations, 
tester shall determine the expected velocity profile and the size nozzics 


to be used during the test. 
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5.5 LOG OF TRIAL RUN OPERATIONS 


Tester will also keep an operating log for the trial run to record all of 
“the operating details of the run, such as time of lightoff, amount of 
waste charged, time and frequency of stoking, adjustment of air ports, 
time at which burndown is completed, and amount of residue. The orfginal 


log of trial run data snall be submitted with the final report of the test 


6. INCINERATOR OPERATION DURING TEST RUIIS 


6.1 LOG OF OPERATIONS 


Tester shal] keep an operating log for each run in which all of the oper- 
ating details of the test run are recorded, such as time of lightoff, 
amount of waste charged, time and frequency of stoking, adjustment of. air 
ports, opacity readings, time burners operate, duration of test, amount of 
residue estimated. The original log shall be submitted with the report of 


the incinerator test. Any abnormal conditions should be noted and explained. 


6.2 BURNERS 


For incinerators equipped with burners, the fuel rate in cubic feet per 

hour of natural gas or other auxiliary fuel should be measured, and the 

time the burners are in use during each run should also be recorded. If 
this technique cannot be used and approval is obtained from the Federal 

Facilities Section, the burners can be operated prior to the test itself 
without any refuse in the incinerator. The amount of carbon dioxide in 

the flue gas from burners can then be determined by: 


1. An Orsat analysis. 
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2. <A velocity traverse. 


. 3. Gas temperature and moisture content measurement. 


6.2.1 General-Refuse Multiple-Chamber Incinerators 


When the standard waste aescribed heretn is being burned in a multiple- 
chamber incinerator, such burners, if any, as the designer wishes to use. 
may be enployed. In any event, secondary burners, if present, should be 
used. Where it may be necessary to turn off a primary burner occasionally, 
the carbon dioxide contribution from both primary and secondary burners 


shall be determined individually for each run. 


G.2.2 Pathological fultiple-Chamber_ Incinerators 


Wien pathological waste is being burned, suci burners shall be used as the 
designer wisnes; otnerwise, all burners should be used. Where it may be 
necessary to turn off a primary burner occasionally, the carbon dioxide 
contribution from both primary and secondary burners shall be determined 


‘individually for each run. 


6.2.3 Single-Chamber Incincrators 


' 


when tne standard waste cescribed herein is burned in a single-chamber in- 
cinerator, such burners and/or aftcrburners as the designer wishes to use 


may be employed. .In any event, afterburners, if present should be used. 
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Where it may be necessary to turn off a primary burner occasionally, the 
\ 


carbon dioxide contribution from both primary and auxiliary burners shal} 


be determined individually for each run. 


If the incinerator is used for pathological waste, it will, of course, be 


necessary to use the primary chamber burner. 


6.3 PREHEATING PERIOD 


6.3.1 General-Refuse Multiple-Chamber Incinerators 


Incinerators should be preheated for 1 hour before testing begins, or un- 
til the temperature in the expansion chamber reaches 1,000°F. During the 


preheat, the incinerator should be operated as it will be during the test. 


6.3.2 Pathological Multiple-Chamber Incinerators 


Incinerators should be preheated with their secondary burners before charg- 
ing of refuse is begun. Preheating should continue until the temperature 
in the expansion chamber reaches 1,000°F or attains some lesser steady- 


state value. An hour is usually the maximum preheat time needed. 


6.3.3 Single-Chamber Incinerators 


No preheat period is necessary for this type of unit, unless the seller 
wishes to have the unit preheated. Where such units are equipped with 
afterburners, the afterburner should be preheated before testing begins to 
a minimum of 1,200°F, or for a minimum of 1 hour, if the gas temperature, 


as measured at the exit of the afterburner, does not reach 1,200°F. 
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6.4.1 General-Refuse Multiple-Chamber Incinerators 


Waste is to be weighed and charged or thrown into the incinerator in pack- 


ages prepared as described in Section 3. 


‘ 


The incinerator is to be charged every 5 minutes. In those cases where 
the incinerator has a charging door, i.e., not top-charged through a chute, 


the door is to be closed immediately after charging. 


The size of each charge, as pensined by the number of packages of waste 
thrown into the incinerator, is to be approximately 1/12 the total weight 
of refuse the incinerator is rated as capable of burning in 1 hour, unless 
tester determines that the incinerator will not burn at its rated capacity 
during the trial run. In this case, the amount of each charge will be re- 
duced accordingly so that unburned refuse does not accumulate in the incin- 
_@rator, i.e., a relatively constant fuel bed must be maintained in the in- 


cinerator. 


If unburned organic material remains after the end of any test run 

the amount of material so remaining shall be estimated and deducted from 
the weight of material consumed in the incinerator during the test. The 
capacity or burning rate will be based on these results and reported as 


such. 


For incinerators with a rated capacity of 300 pounds per hour and over, the 
waste may be placed in cardboard boxes of comparable size instead of paper 


bags. 
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Stoking, when necessary, should be coordinated with each and every charge 


-period and should be for equal increments of time throughout the test. 


In no case should waste be burned at a rate in excess of the rated capacity 


of the incinerator. 


The grates should be cleaned out after the first test, but the ashpit need 
only be cleaned out if ashes accumulate to the point where the underfire 


air ts obstructed. 


A cooling period shall be allowed between runs so that the temperature in 


the expansion chamber may return to the value it had when the first run began. 


6.4.2 Pathological Myltiple-Chamber Incinerators 


After the incinerator has been preheated according to Section 6.3, the 
waste shall be charged into the chamber and the primary burners ignited. 
The size of the original charge and any successive charges necessary to 
reach rated capacity or maximum capacity shal] be that determined during 
the trial run, provided that waste shall not be burned in excess of the 
rated capacity of the incinerator. If, during aay rune additional waste 
is added after the first charge, then the primary burner shal] be tempor- 
arily turned off during such additional charging. If organic material re- 
mains after the end of any 1-hour test period, the amount of material re- 
maining may be estimated and deducted from the weight of material charged 
to determine the amount of material consumed during the test. The capacity 


or burning rate will be based on these results and reported as such. 
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AT waste Charges shall be exposed to the flames of the primary turner(s), 
without blocking tae burner port, and shall be distributed as evenly as 


practicable over the hearth. 


6.4.3 Single-Chamber Incinerators 


~ Fotiow the same procedures as those given in Section 6.4.1 for General- 


Refuse Multiple-Chamber Incinerators, for those Single-chamber units burn- 


_ ing general refuse, and the procedures of Section 6.4.2 for those units 


burning pathological waste. 


6.5. . SCRUBBERS 


Scrubbers shall be operated in keeping with the manufacturer's recommenda- 


tions during each run. The pressure drop across the scrubber and water 


circulation rate or water throughput rate shall be measured and reported 


in the operating log. 


wae ay, 7. PARTICULATE SAMPLING 3 
Each test shall consist of two runs. For pathological -incinerators, each 
run shall be ] hour. For test time of general multiple-chamber incin- 
erators, consult specification available from the Federal Facilities 


Section. During each run, samples of the following pollutants will be 


collected for later analysis or measurement as specified: particulates, 


carbon dioxide, moisture content of the gases, oxygen, and adhesive paper 
samples. In addition, the temperature in the expansion chamber shall 
be measured and recorded, and a record made of visible emissions using 


the Ringelmann chart in accord with procedures in Bureau of Mines 
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7.1 VELOCITY TRAVERSE 


The following material should be used to perfect tne proper traversing pro- 


2 
cedures. 


MEASUREMENTS AND CALCULATIONS 


Since the pitot tube measures velocity head only at the point in the 
gas stream where it is placea, readings must be made at a number of 
points in the stack cross section so tnat the average gas velocity 

may be calculated, The number of points to be used and their loca- 
tion can be readily determined in accordance witn commonly accepted 


practice. 


The cross-sectional area of tie stack at the test station is vivideu 
into a number of concentric equal-arca zones for circular stacks 
(Figure 1), or rectangular equal areas for rectangular stacks 
(Figure 2). The number of areas used depends on. the flow pattern 
and the size of the stack. For circular stacks, with fairly uni- 
form flow, the usual practice is to employ the number of areas 


shown in Table 1. 


The traverse points for velocity head measurements are located in each 
area as suggested in Figures 1] and 2. With rectangular ducts or 


stacks, these points are at the center of each square area (Figure 2). 
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Figure 1. Cross section of a circular stack divided 
into three concentric equal areas, showing location 
of traverse points. The location and number of such 
points for a stack of given diameter can be deter- 
mined by referring to Equation 1 or Table 2. 


Figure 2. Cross section of rectangular stack divided 
into 12. equal areas, with traverse points located at 
the center of each area. 
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For circular stacks, the location of each point along a stack diam- 


etcr is calculated from the expression: 


P = 50 & (| (1) 
2a 


where: 


P = Percent of stack diamcter from the inside wall 


to traverse point. 
a ® Total number of areas being used. 


j = Number of the area for which the location is 
being calculated, number 1, 2, 3, ... from the 


center outward, 


This formula gives half of the values needed, with the remaining 

half being tne differences of each percentage from 100. In prac- 
ticc, it is simpler to use a table such as Tatle 2 where the per- 
centages have alreaay been calculated for the most frequently en- 


countered nunbers of points and areas. 


dhen test holes are necessary in circular Bracken tv0 holes are 
made along diameters at right angles to each other. The holes are 
large enough for the insertion of the pitot tube, sampling probes, 
and thermocouples. In stacks over 6 feet in diameter, four test 
holes are preferred so that extensions on pitot tubes can be 
avoided. With thin-walled stacks, 2-1/2- to 3-inch-diameter holes 
are sufficient. For thick walls, larger holes are required unless 


a type S pitot tube is uscd. 
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‘Table 1. NUMBER OF EQUAL AREAS FOR VELOCITY 
MEASUREMENT IN CIRCULAR STACKS 


nena esteem ere ee 
Stack diameter, Number of 
feet equal areas 
1 or less 2 
1-2 | 3 
2-4 | 4 
4-6 5 
over 6 6 or more 


Table 2. PERCENT OF CIRCULAR STACK DIAMETER 
FROM INSIDE WALL TO TRAVERSE POIN 


re 


Number of areas selected 


SOUND Ce Fg BE 
1 6.7 4.4 3,3 2.5 2,1 
2 25.0 14.7 10.5 8.2 6.7 
3 75.0 29.5 19.4 14.6 11.8 
4 93.3 70.5 32.3 22.6 17.7 
5 85.3 67.7 34.2 25:0 
6 95.6 80.6 65.8 35.5 
7 89.5 77.4 64.5 
8 96.7 85.4 75.0 
9 91.3 82.3 

10 97.5 83.2 
11 93.3 
Te U7 % 


4 
H 
{ 
t 
' 
{ 
1 
i 
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In rectangular ducts or stacks, holes are located to conveniently 


traverse the centers of the areas with the pitot tube. 


The areas as shown in Figure 2 are to be made as nearly square in shave as 
possible, and the minimum number of equal areas in rectangular stacks is to 


be as shown in Table 3. Each equal area shall not exceed 0.5 square foot. 


Table 3. NUMBER OF EQUAL AREAS FOR VELOCITY 
MEASUREMENT IN RECTANGULAR AND 
SQUARE STACKS 


Cross-sectional area, Number of 


ft? test points 
<2 ; 4 
2 - 12 6 = 25 
>12 >25 


7.2 SAMPLING LOCATION 


The sampling location should be at least eight stack diameters downs tream 
_ from any bend, expansion, contraction, or visible flane in the stack or 
flue, and at least two diameters upstream from any bend and obstruction. 
When sampling at the exit of a stack or flue, the tester will install an 
extension at least two stack diameters long above the point at which the 


sample probe is inserted into the flue. 


‘a? 
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If the tester finds eight diameters impractical, the following rule of 
thumb. may be employed. For a straight flue run of six to eight stack 
diameters in length, approximately double the number of sampling points. 
For a length of four to six stack diameters, approximately triple the 
number of points. The exact number of sampling points shall be detern- | 
ined from specifications available from the Federal Facilities Section. 


If the length of straight flue is less than four diameters, no valid 


traverse can be made. 


All incinerators will be sampled isokinetically at each traverse point as 
described in Section 7.1 for equal time increments coinciding with the 
charging cycle as specified in Section 6.4. When pathological incinerators 
are sampled, the particulate sampling probe will be placed at one reference 


point in the stack throughout the l-hour test. The position of the refer- 


~ : ence point shall correspond to the point of average stack velocity as 


determined by the pitot traverse of the preliminary run. For each run, 


sampling shall begin when the refuse for that run is ignited. 


7.3 ISOKINETIC CONDITIONS 

All sarticuiate sampling should be conducted with + 10 percent of isokin- 
etic conditions. | 
Measurements of stack gas flow by pitot tube to determine isokinetic sam- 


pling rates shall have the following precision in the ranges indicated: 


Range Sensitivity 
< 0.10 inch of water 0.001 inch of water 
> 0.10 incn of water 0.01 inch of water 
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7.3.1 Sampling Rate 


Sampling rate should be adjusted to maintain isokinetic sampling conditions; 
i.e., the velocity in the tip of the sample probe nozzle should equal the 
velocity in the stack at the sample point. The sampling rate shall be at 


least 0.5 standard cubic foot per minute. 


In order to maintain isokinetic sampling at all times, the following proced- 


ure, or equivalent, shall be followed: 


1. A calibrated pitot tube or similar device for measuring veloc- 
ity pressure and a thermocouple or a similar device for meas- 
uring stack temperature (1 5°F) should be attached to the sample- 
collection probe to measure velocity pressure and stack temper- 


ature at the sample point. 


2. A family of curves for different stack temperatures should be 
prepared for each incinerator tested so that isokinetic sam- 
pling can be maintained by reading and adjusting the gas flow 
rate through the sample train orifice or a similar device, 
which has a maximum absolute error of less than 5 percent of 
the sampling rate. (Note: on an arithnetic graph the family 
of curves will be straight lines; therefore, only one point 
need be calculated to determine the location ‘of each curve.) 


An example family of curves is shown in Figure 3. 


2) 
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ORIFICE READING, inch H50 


VELOCITY PRESSURE, inch H20 


Figure 3. Relationship of velocity pressure to 
orifice reading for various stack temperatures 
to maintain isokinetic sampling conditions. 
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7.4 PARTICULATE SAMPLING TRAIN 


The sampling apparatus shal? consist of a probe, cyclone, filter, four im- 
pingers, dry gas meter, vacuum pump, and flow meter as shown in Figure 4, 
or equivalent as determined by the Federal Facilities Section. The stain- 
less steel, buttonhook-type probe tip (1) shall be equipped with a 5/8- 
inch-diameter fitting so that it will connect by a stainless steel coupling 
(2) with Viton A O-ring bushings to the probe. When the stack temnera- 
ture exceeds 500°F, asbestos string should be used as a gasket material. 
The probe (3) shall consist of 5/8-inch-outside-diameter medium-wall 

Pyrex glass tube with a ground-glass joint on one end. The glass probe 
should be logarithmically wound from the entrance end with 25 feet of 
26-gauge nickel-chromium wire. During sampling, the wire shall be con- 
nected to a calibrated variable transformer to maintain a gas temperature 
of 250°F in the probe. The wire-wound glass tube shal] be wrapped with 
fiber glass tape and encased in a l-inch-OD stainless steel tube for 
protection. The end of the steel tube that does not have the balljoint 
-protuding has a nut welded to it for connection to the stainless steel 
coupling used to attach the nozzle. The probe connects to a cyclone and 
flask (4) if used in the train. The cyclone connects to a very coarse 
fritted glass filter holder (5), which holds a 2-1/2- inch tared qlass 
fiber filter. MSA type 1106 BH filter paper shall be used. The cyclone, 
flask, and filter shall be contained in an electrically heated enclosed 
box (6), which is thermostatically maintained at a minimum temperature 

of 250°F to prevent water condensation. Attached to the heated box 

shall be an tee bath (7) containing four impingers connected in series with 
glass balljoints. ‘The first impinger (8) shall receive the gas stream from 


the filter. This impinger shall be of the Greenburg-Smith desian modified 
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Particulate sampling train 


Figure 4, 


by replagihAsvdd tot Qewbbe 2007/0916bh C1D-BDP86 -00264200910029002507 5 
inch from the bottom of the flask. This impinger shall be initially 
filled with 100 milliliters of distilled water. The second impinger - 
(9) shall be a Greenburg-Smith impinger with tip, and also filled with 
100 milliliters of distilled water. The third impinger (10), which is 
left dry, shall be a Greenburg-Smith impinger modified like the first. 
The fourth impinger (11) shall also be a Greenburg-Smith type modified 


like the first and contain approximately 175 grams of accurately weighed 


dry silica gel. 


From the fourth impinger (11) the effluent stream flows through a check 
valve (13); flexible rubber vacuum tubing (14); vacuum gauge (15); a 
needle valve (16); a leakless vacuum pump (17), rated at 4 cubic feet per 
minute at 0 inches of mercury gauge pressure and 0 cubic feet per minute 
at 26 inches of mercury gauge pressure, and connected in parallel with a 

a by-pass valve (18); and a dry gas meter rated at 1 cubic foot per 
revolution (19). A calibrated orifice (20) shall complete the train en? 
shall be used to measure instantaneous flow rates. The three thermometers 
(12) shall be dial type with a range of 25° to 125°F. A fourth thermometer 
in the heated portion of the box shall have a range up’ to 500°F. The dual 
manometer (21) across the calibrated orifice shall be an inclined-vertical 
type graduated in hundreths of an inch of water from 0 to 1.0 inch and in 


tenths from 1 to. 10 inches. 
7.5 SOURCE TESTING FORMS 


In order to insure acceptable operation of the incinerator and testing 
equipment, the tester will kees records at 5-minute intervals cr physical 
parameters that influence the performance, @.g., pressure difference across 
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orifice and stack g7s temperature. Forms ae this ourpose shall be 
obtained from the fcJderal Facilities Sectian, Fhatement Program, 


National Center For Air Pollution Control, Washington, D. C. 


8. SAMPLING FOR CARBON DIOXIDE 
An integrated sample for carbon dioxide shall be collected over each run, 


utilizing the equipment in Figure 5. 


No. 1 Stainless steel probe 

No. 2 l-mil Mylar bag 

No. 3 Polyethylene container 

No. 4 Vacuum pump and flow meter 
No. 5 Orsat analyzer 


Figure 5. Typical carbon dioxide Satine equipment 
The Mylar bag (2) is inserted into the ssiyechy iene container (3) or 
similar leakproof, rigid container. The inlet fitting on the Mylar bag 
is then pulled threugh a hole in the polyethylene container and sealed 
so that a vacuum can be drawn on the container. A piece of thick-walled 
tubing is attached to the fitting on the container and connected to a 
flow meter and vacuum pump (4). Upon pulling a vacuum in the polyethylene 
container, a seule with be drawn into the Mylar bag. The sample obtained 
is then analyzed with the Orsat analyzer (5). 
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Any convenient sampling rate can be used as long as the bag does not 
fill before the end of a test run. As stack velocity changes occur, the 


sampling rate should be adjusted in direct proportion to the changes. 


Before sampling, the Mylar bag is evacuated with the vacuum pump. In 
addition, a piece of glass wool may be inserted in the end of the probe 
to prevent particulate from contaminating the bag. A flow meter placed 


between the probe and Mylar bag would help in detecting leaks in the bag 


and container. 


GLASS WOOL 

STAINLESS STEEL PROBE 

MYLAR BAG 

LEAK-PROOF RIDGED CONTAINER 5 
FLOW METER o 
VACUUM PUMP 


Hon Swny 


Figure 6. Schematic diagram of carbon dioxide sampling train. 
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The Orsat procedure gives volumetric concentrations to the nearest 0.2 


percent by volume of each component in the stack gas, on a dry basis. 


9. ADHESIVE PAPER TEST 


The following is referenced from the Cincinnati Air Pollution Control 
Ordinance No. 119-1965. (Reference 3). 


9.1. PREPARATION 


Two-inch strips of Pli-a-Print R-135 adhesive paper shall be wrapped 

around a suitable holder of approximately 2-3/4 inches in diameter. The 
-paper backing is to be kept in place until immediately prior to testing. 
Pli-a-Print R-135 adhesive paper {is obtainable from Fasson Products, 250 


Chester Street, Painsville, Ohio. 


9.2 TESTING 

A minimum of three adhesive paper samples shall be collected; one at approxi- 

mately 1 minute after the startup, one toward the middle of the run, and 

anoehey toward the and of the run. No samples shall be taken while the 

incinerator is being charged or stoked. The time éach sample is collected 

shall be recorded. The adhesive surface of the paper shall be exposed to 

the flue gases for 1 minute or less. The sample shall be taken at the centar 
_ Of the flue and shall not be rotated while particles are being coilected. 

Immediately after exposure, the sample shall be properly indentified and 


sprayed with a clear lacquer, such as JAPALAC 4010. 


9.3 ANALYSIS 


Using suitable magnification, tester shall determine the number of particles 
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having the greatest particle deposit. The number of particles shall be the 


average of the count of 10 random fields within the 1 square inch. 


10. VISIBLE EMISSIONS 


The Ringelmann number of any black smoke shall be read as the smoke 
occurs, or at least every 10 minutes during each run. (See Section 7 


for method of reading smoke.) 
11. CLEANUP AND ANALYSIS FOR PARTICULATE TRAIN 


17.7 CLEANUP 


Proper care shall be exercised in moving the collection train from the 
test site to the cleanup area so that none of the collected sample will be 
lost and also that no outside particulates enter the train to be included 


as sample. 


Samples will be placed in plastic containers and treated as follows: 


Container No. 1 - Carefully remove the filter from the filter holder 


. and place in the container and seal with tape. 


Container No. 2 - Shall contain any loose particulate and acetone 


washings for the probe, cyclone, cyclone flask, and front half of 
the filter holder. The inside of the cyclone, cyclone flask, and 
front half of the filter holder shall be wiped with a rubber police- 
man, and the inside of the probe with a soft rubber plunger fitted 


on a stainless steel rod, to loosen adhering organics and carbon. 


29 
Approved For Release 2001/09/03 : CIA-RDP86-00244R000100200025-7 


Approved Forggelease 2001/09/03 : CIA-RDP86-002448900100200025-7 


. The loosened particles are then washed into the container with 


acetone, and the container is sealed with tape. 


Container No. 3 - The Ho0 from. the first three Greenburg-Smith im- 
pingers shall be measured within + 2 milliliters and placed in the 
container. H50 rinsings from the back half of the filter holder, the 
fritted glass support, al] connectors, and the first three Greenburg- 
Smith impingers shall also be placed in this container and the 


container sealed with tape. 


Container No. 4 - Silica gel from the fourth Greenburg-Smith impinger 
shall be returned to the original container and sealed with tape. A 
rubber policeman may be used as an aid in removing the silica gel from 


the impinger, but no liquid may be used, 


Container No. 5 - The back half of the filter holder, fritted support, 
all connectors, and the first three Greenburg-Smith impingers shall be 
thoroughly rinsed with acetone, and the washings placed in this con- 


tainer and sealed with tape. 


11.2 ANALYSIS 


Container No. 1 - Transfer the filter and any loose particulate from 
the sample container to a tared glass weighing dish and desiccate for 
24 hours in a desiccator or constant humidity chamber containing a 
Saturated solution of calcium chloride or its equivalent. Weigh to a 


constant weight and report the results to the nearest 0.1 milligram. 
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Container No. 2- Transfer the acetone washings from the probe, cyclone, 
cyclone flask, and front half of the filter holder to a tared beaker, 
‘and evaporate to dryness at ambient temperature and pressure. Desiccate 
for 24 hours and weigh to a constant weight. Report the results to the 


nearest 0.1 milligram. 


Container No. 3 - Extract organic particulate from the impinger solution 
with three 25-milliliter portions of chloroform and three 25-milliliter 
portions of ethyl ether. Combine the ether and chloroform extracts, and 
transfer to a tared beaker. Evaporate until no solvent remains at about: 
70°F. This may be accomplished by blowing air filtered through activ- 
ated charcoal over the sample. Desiccate for 24 hours and weigh to a 


constant weight. Report the results to the nearest 0.1] milligram. 


The impinger solution remaining after extraction of the 
organics shall be evaporated to dryness on a steam bat or 
equivalent and the residue weighed to the nearest 0.1 


milligram and reported. 


the filter holder, fritted support, connectors, and first three 
Greenburg-Smith impingers to a tared beaker, and evaporate to dryness 
at ambient temperature and pressure. Desiccate for 24 hours and weigh to 


a constant weight. Report the results to the nearest 0.1 milligram. 


The total particulate weight can be obtained by totaling the weights of 


the individual sample components. — 
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Two copies of the report of an incinerator test shall be submitted to 

the Federal Facilities Section to obtain final approval. fach report ~ 
shall contain a record of all observations and the log made during each 
test. The information supplied should include copies of complete sam- 
pling data, calculations, the weight and type of refuse charged, tare and 
final weights of all filters, plus-60-micron count on adhesive s.i-12s, 


and Ringelmann readings of stack gas emissions for each test run. 


Each report shall contain the following sections: 
| 1. Introduction. In this section background information regarding 
the location, manufacture, and size of the incinerator and 
scrubber shall be presented, together with related information. 
. Also, a schematic of the incinerator should be presented, 
showing the location of the sampling and measuring points. 
The distance of samp] ing location from bends, etc., should te 


. given to the nearest foot. 


2. Summary . This section should include a summary of all data 


‘collected, together with pertinent comments. . 


. 33 Procedure. This section should describe the procedures used 


tn cleaning, adjusting, and firing the incinerator. 


4. Analytical Techniques. This section should contain a brief 


description of all analytical techniques. 

5. Data and Calculations. This section should include ail data and 
calculations. Forms for recording and reporting data ana calcu- 
lations shall be obtained from the Federal Facilities Section. 
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6. Adhesive Paper Samples. The adhesive paper samples should be 


suitably identified, sprayed with clear lacquer, and submitted. 


12.1 PARTICULATES 


Particulates shall be reported as grains per cubic foot as sampled, and 
corrected to dry conditions at 70°F and 29.92 inches mercury and 12 per- 
cent carbon dioxide, subtracting off the contribution of carbon dioxide 


from auxiliary burners on a molar basis. 


12.2 ORSAT ANALYSIS 


The results of the Orsat analysis shall be reported on a dry basis as the 
percent of the following gases: carbon dioxide, oxygen, carbon monoxide, 


and nitrogen. 


12.3 ADHESIVE PAPER 


The results of the adhesive paper analysis shall be reported as the number 
of particles over 60 microns per square inch as well as the number of 
particles over 60 microns per minute for each sample taken, as well as the 


time of sampling. 
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Incinerator Institute of America Incinerator Standards, May 1966, 
New York, New York, 31 pp. 


“Air Pollution Source Testing Manual," by H. Devorkin, R.L. Chass, 
A.P. Fudurich, and C.V. Kanter, Air Pollution Control District, 
Los Angeles County, California, November 1965, 179 pp. 


City of Cincinnati. Air Pollution Control Ordinance No. 119-1965, 
Division J. Incinerators, Section 2509-8 Incinerator Maintenance 
and Operation. 
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ADDENDUM 
TO 
SPECIFICATIONS FOR INCINERATOR TESTING 
AT . 
FEDERAL FACILITIES 


U. S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
Public Health Service . 
Bureau of Disease Prevention and Environmental Control 
National Center for Air Pollution Control 


December 6, 1967 
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ADDENDUM TO SPECIFICATIONS FOR INCINERATOR 
TESTING AT FEDERAL FACILITIES 


The following material is supplied as a sdopicment to the nublication, 
“Specifications for Incinerator Testing at Federal Facilities.” 
ALTERNATIVE METHOD FOR COMPLIANCE TESTING | 
An alternative method for determining particulate emissions, which has 
the same stringency as the oresent method based on carbon dioxide measurements, 
put nermits simpler, less expensive, sampling procedures, may be followed if 
tester so desires. Since gas washers anpear to absorb carbon dioxide, the 
corrected grain loadings of stac gases from these devices imay be excessively 
hiqn. The alternative method, not being vased on caroon dioxide measurements , 
avoids tiis possibility. 

~ To use the alternative metnod, tester must detemnine the pounds ner hour 
of narticulate emitted. To be in compliance, incinerator emissions in pounds 
nar .our aust not exceed that indicated in Fiaur2s 7 and 2. In oeneral. 
allowacle emissions measured by the alternative method correspond to the amounts 
allowed in Section 2.2. | 

In using the alternative method, it is necessary only to sannie for narticu- 
lates and deternine emissions in mounds per jour. It i not necessary to 
ensure car.on dioxide durine test runs, or determine carbon dioxide emittec 
froa buening auxiliary fuel. 

‘“vichever inethod for deteraininy comoliance is eee et neneral tastine 
nrocedures detailed in ‘Snecifications for Incinerator Tastine at Federal 
Facilities, and this “idandun “ill aoply, vith the follovine modification. 

In testin: with the nounds ner hour metiiod, Section 4.2, describing 
tac.niques for noasurina carbon dioxide from purainga auxiliary fuel, and 


} 
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MAXIMUM ALLOWABLE PARTICULATE EMISSION, 1b/hr 
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NOTE: TO DETERMINE ALLOWABLE EMISSIONS FOR OTHER 
CAPACITIES, USE THE FOLLOWING RELATIONSHIP: 


EMISSIONS (1b/hr) = 5.33 x REFUSE CHARGED (tons/hr). 


' 
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REFUSE CHARGED, 1b/hr 


Maximum allowable emission of particulate matter from refuse burning units 
with capacities greater than 200 pounds per hour. 
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MAXIMUM ALLOWABLE PARTICULATE ‘EMISSIONS, 1b/hr 


Figure 2. 
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NOTE: TO DETERMINE ALLOWABLE EMISSIONS FOR OTHER CAPACITIES, 
USE THE FOLLOWING RELATIONSHIP: 


EMISSIONS: (1b/hr} = 8.15 x REFUSE CHARGED (tons/hr). 


REFUSE CHARGED, 1b/hr 


Maximum allowable emission of particulate matter from refuse ourning us 
with capacities of 200 pounds per hour or less. 
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Section 8, describing the carbon dioxide sampling annparatus, need not be 


followed. In addition, Section 12.1, renortina results, snould be modified 

so tnat particulates are reported as pounds of particulate enitted ner hour. 

PARTICULATE SAiiPLINC PROCEDURES 

‘Inen possible, sincle-noint sannlina conducted at the noint of average 
stack velocity, should be used for general-refuse incinerators. Such sam- 

“oling may be conducted under the followinn conditions: 

1. Tne samolina location is ina vertical duct, at least eiaht diaineters 
downstream from any bend, expansion, construction, or visible flame 
and at Teast tyo diameters upstream from any bend, etc. 

2. The ratio of the maxinun to the minimum gas velocity as found from 
the preliminary velocity traverse is less than 2. 


‘here these conditions are inet, the time of each run shall be 1 nour. 


If any of the forecoing conditions are not met, then it will pe necessary 
to nerforn a sample traverse. In such a traverse the sannle probe is placed 
at eac of the velocity traverse points for a lenath of time qiven in Table 1. 
The sample probe shall be moved from one traverse noint to another immediately 


prior to charaing. 


Table 1. DURATION OF TEST RUNS: 


Total number Samp] ina time 
of ner point, Total run tine, 
traverse points Minutes _.. minutes 

7} 60 60 

4 15 60 

6 10 * 60 

8 10 Me. ad 

9 5 | 45 

29 45 tumber of noints x 5 
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conditions during sampling, the nonographs of Fiaures 3 and 4 may be used. 
These nomograpns, desianed for use with tne particulate train described in 
Section 7.4, make it possible to ranialy adjust ‘the sample rate to fsokinetic 
conditions without other comoutations. 

The nomograph of Fiaure 3, The Ovnerating Nomograph , is used to adjust 
. tne sampling rate to maintain isokinetic conditions. The nomoqraph of 
Fiqure 4, Tne Correction Factor Nomograph, is used to adjust the erating 
dorioqranh to field conditions. Procedures for using tnese nomographs are as 
- follows: 

1. Determine AH, (the standard orifice nressure drop, in. water), for 
train by measuring orifice nressure dron at a flow rate of 9.75 cfm, a meter 
temnerature of 70°F. and a meter pressure of 29.92 in. Ha" (once determined, 
AH, is constant for a qiven train and orifice). 

2. Estimate probable ce (meter temperature), often 25°F above ambient 
temnerature: 4 10 (moisture in stack qas), and Been (ratio of stack pressure 
to meter pressure). 

3. vetermine Correction Factor ‘C“ usine nomoqranh of Fiqure 2 as directed 


thereon and with values estimated above. 


ee ee oe ee ee 


* a 
An orifice pressure dron (ali, ) can be measured at any nressure ano te vrerature, 
a 


and corrected to standard conditions hy the formula helov: 


AH, = 0.0564 x ail, x 2. 
a rf) Py 
AH, = Orifice pressure dron ¢ The Pe and a flow rate of 0.75 cfnm, 
qT = Meter tennerature, 9° Rankin. 
Ps Barometric pressure + orifice pressure drop, in. fic. 
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4, Approvédrrec Baten $a 206/09 03orCHY-RARG6-DOPH4ARA0 ORG2N0GA5-Romoaraph 
“(Fioure 1) opposite Reference Point 1. 

9. ‘take a rough pitot traverse, and determine minimum, average, and 
maximum values for 4n (pitot reading, ‘ii, ween: 

6. Measure Te (the stack temperature), °F. 

7. Draw line from. T, to the values of Ap found in step 5 above. Select 
a convenient D (nozzle diameter) from the range of values indicated on the 
‘probe tio diameter scale. 


3. Draw line from T through D chosen in step 7 to obtain a value for 


An, 

9. Draw a line from the value for Ap obtained in sten 8 above to Reference 
Point 2. on the AH (orifice reading) scale to obtain a pivot point on the K- 
factor scale. This point should be marked for future reference. 

10. During sampling, determine the Ali necessary for isokinetic sampling 
by aligning pitot readings (An) with the X-factor pivot point determined in 
step 9 above. Adjust samnle flow rate to produce desired AH or orifice 
manometer. The train will then be sampling isokinetically. 

- 1. oMf ue cnanqes, repeat stens 6 through 10 above. 
JATA AND CALCULATION REPORTING FORMS 


The data and calculation forms nroviced nerein dee 40x recording data anc 
for calculating and eanee Char Rest resuits ina i vandard manner. An instruction 
sheet accompanying tiie forms explains how they should be used. The forms are 
to tbe submitted with the other information required ander Section 12, Reporting 


Results, of tne original publication. 
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ORIFICE READIM Ged HorBelease 2001/09/08 : CIA-RDP86-0 01002 . 
4H, in. es one 0 F488 PSF READING 


7.0 


9.901 — 


‘a pets | AP, in. HO 
92 CORRECTION 0.002 
: oe FACTOR 
j= REF. mO0s 
Z 5.004 — 
ae 0.005 
5 9,906 —= 
PROBE 
: TIP DIAMETER = 9-998 
4 D, in. .01 
. 
3 
0.02 
5.93 
2 0.94 
REF. 2 9.95 — 
3.06 
0.98 —— 
0.7 
] : 
oe 
3.9 i n2— 
5.8 | a 
9.7 { 0.3-33 
9.6 pe 
= | 
C.§ .6— 
0.4 | ee oe 
| oe 
fy: . s 
2 ; | 4—4 
eae 
| 6-4 
CUT ALONG LINES i 9 ad 
TO OBTAIN pe: 
SLIDING SCALE ; ie 
9.) ee 


Finure 3 Operating nomograph. 
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“{ 3NIT “433Y NO V LNIOd NIVI9O OL “L OL OHV WONS 3NIT NYG ‘1 d3LS 


ee agi? 
30 of = OCH % 
Ov fod = YY 
OCH “UL £°2 = OHV 
6°0 
—— 0£ $‘0 
0° ~~ Zdus 90 
_8'0 
Lvl <2 € 43is ol 
2°t s‘t 
ald OL 0°2 
0 
o°Hs 


[2 GNIG OL 
o’t 
0S- 
0 
:I1dNyX 
JNdNVXI 25 
Se 
™~\ 
oo NY 
¢Y. 
Mp 
- = ™~\ a 
— “ef —ol~ NN o°e 
: ah 
Ost 
g*2 
att ae 
9 
2 3NIT *33u o’e 
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DEPARTMENT OF HEALTH, EDUCATION AND WELFARE FORM APPROVED 


. Public Health Service BUDGET BUREAU 
National Center for Air Pollution Control NO, 68R-1056 
APPROVAL EXPIRES 
Jan. 1973 


Instructions for Filling Out Source Testing Calculation 
Forms for Inc herators 


To 


1. 


Note: 


complete these forms, the following instructions should be adhered 


When using the pounds per hour method to determine compliance, 
only Parts 8, 9 and 10 need be completed. If the grains per 
Standard cubic foot corrected to 12 % C0. method is used to 
determine compliance, instructions 2 thréugh 6 should be followed. 


Fill out completely Parts 9 and 10. 


Fill out completely Tables in Part 3, page 1; Part 4, page 13 
Part 5, page 1; Part 6, page 1; and Part 7, page 1. 


Fill. out Summary of Test Data Sheet obtaining information from 
appropriate pages. 


Use formulas in order as numbered in left hand margin starting 
in Part 3, page |. 


Transfer all appropriate data to Summary of Results Sheet, Part 1. 


These forms have been especially designed for use with the sampling 
trains described in Specifications for Incinerator Testing at 
Federal Facilities.’ 
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‘Part 1, 9. 1 of 2 DEPARTMENT at HEALTH, EUUCATION, AND WELFARE FORM APPROVED 


. NCAP-16 (12/67), 


blic Health Service BUDGET BUREAU 
ApprovediianBelaas 20H 0903 4 (lA DRAG OR 24ABAND 00200995 ehR-1056 
pee 


SUMMARY OF RESULTS 
Incinerator Test 


Run No. 


vane of firm_ 
Location of plant 
Type of incinerator _ 


Control equipment 


re rr se cee ety nese er eng enpeensnunesenthehneasdushgenseee? 


Sampling point location —__ 


ee eee een ERT 


waterial incinerated __ 


Oe EY Nets MY Set empenyetnete stp eynsente-arepennensnenat-ceneaguiasunnstpnnnps-eumeiene eae 


“eiunt of material incinerated __ 


Pollutants sampled _ 


LR 


Time of particulate test: 


vate, Begin, ts znd 
Operating Variables 

Scruyber pressure drop, in. 10 

Scruvber H.0 rate, gpm oe ee 

Primary chamber draft, in. HO Overfire _ Underfire_ 


Secondary chamber temnerature, OF 


Stack temperature (Thgds °F 


roved For Release 2001/09/03 : CIA-RDP86-00244R000100200025-7 1G 
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Emission Data 
aby Stack flow rate (V4) scfm 
16. “Water vapor in stack qas (Veg)? % by volume 
17. Excess air at sampling point (Viq)s % 


retainer! ES 


grains/cf grains/scf 
at stack 
conditions | grains/scf 


18, Particulate - Ci 
probe, cyclone 
19, Particulate - Cat" 
probe, cyclone, 
filter | ——_ 
29. Total particulate C.3% 
(includes impinger 
catcn) ” . 
21. Percent isokinetic for particulate train Pr ee 
hw ; 
22. C0, in stack gas from burners , % volume (dry) - a 
eee C0, in stack gas from waste, |. volune (dry) Mean 
24, Up in stack gas from waste and burners, % volume (dry) Veh™ - i 
25. CO in stack aas from waste and burners, % volume (dry) vege 
26. Ho in stack gas from waste and burners, % volume (dry) Veen . 


27. Sticky paper, particles/in,© 60 nicrons and above | 


28. Sticky paper, particles/min. 60 microns and above 


Se eee ate ater 


Legend: WN: - not measured Z 
scf = Standard cubic foot, i.e., dry gas at 70°F and 29.92 in. Ha. 
Stack conditions: Stack temnoerature and stack pressure includina moisture. 


+. 2 wwe: 


SY ED eS SNES Ae 


* Correction to 12% CO made using % CO, from waste only. 
we, CO, from burner corrected to test conditions, 
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Part 2, p. 1 of 2 DEPARTMENT OF HEALTH, EDUCATION, AND WE! FARE FORM APPROVED 
Approved ForBeled3des iieadth Ciarabrss- 00244B900100208UR6& BUREAU 


National Center for Air Pollution Control NO. 68R-1056 
APPROVAL EXPIRES. 
SUMMARY OF TEST DATA ans tOe2 
Date ______ Run No. 
Particulate Sampling Train 
1}. Samplina nozzle diameter, in. . De a 
2. Sampling time, min. Tags = 
3. Sample aas volume - meter condition, cf Ve = 
4. (verage meter temnerature, °F ee 
5. Avarage orifice pressure drop, in. 11,0 ey 
6. Particulate collected - probe and cyclone, nig Wag = 
| 7. Particulate collected - probe. cyclone and filter, mg Mok = 
3. Particulate collected - total, mg | Way ee 
Velocity Traverse - Burner Only 
J. Stack area, in.? Sad = 
lu. Average stack pressure, in. iit (absolute) ee = 
11. Average stack temperature, °F Th = 
12. Average \~velocity head x stack temorature Shite 
13. .loisture in stack gas from burners, % by volume Oni = 
Velocity Traverse Vuring Test - Burner and | Waste 
14, Stack area, in? <add = __ 
15. Average stack pressure, in. Hq (absolute) Pas = 
18. Average stack teaperature, °F : PT aes ee ene 
“17. Average \verlocity lead x stack temperature Sue > 
Stack Moisture Content 
18. Total water collected-by train, ml Vee = 
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MISSING PAGE 


ORIGINAL BOGOF MISSING PAGE(S): 


VA vee 
“34 
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FORM APPROVED 
Part 3, p. 1 of *approQbOAPdnpéledife 4604 Tib/OBOUSAT HORE B80 Ada BIT 002 ROREET BUREAU 


Public Health Service NO 68R-1056 
National Center for Air Pollution Control ale hone 
an. 


PARTICULATE SAMPLING TRAIN DATA AND CALCULATIONS 
Nozzle diameter (D.y)* in. = 
Barometric pressure (Pia? in. Hg = 


Sampling point location Run No. 


as Meter a 


Orifice 
AP 


in, H.0 


| Clock Point Reading (Vv, ) Temp. in Temp. out 
| time No. ce 8 F OF 


3 
fs ces na 
Net time 
min Net Average Average _ Average 
(ay) (Vac)= (Taq) a Tae)* me (Pap)? 
(1) A. Ave ter temperat . Jad a8 2] = 
- Average meter temperature = —— = 
(2) &. Dry gas sample volume 9 standard conditions, cf 
Pas t ris 

= 24 19.0 _ = 

V7.7 x Vac a(t + 460) Vap ——_——- 


NCAP~18 (12/67 Approved For Release 2001/09/03 : CIA-RDP86-00244R000100200025-7 14 


rart 3, p. 2 or 3. 
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Laboratory Data 


Particulate - probe and cyclone (Wag) mg = 
Particulate - probe, cyclone, and filter (Wands mq = 
Particulate - total (includes iimpinger washings) (Woy) mq = 
Particulate Concentration Calculations 

In_grains/scf | 


(3) A. Particulate - probe and cyclone, grains/scf 


Wo. 
= a). = 
Cam 0.0154 x V 


ab 


(4) b. Particulate - probe, cyclone, and filter, grains/scf 


ecg 0.0354 x sk ; 
an V sb 


(5) C. Particulate - total, grains/scf 
. (Go to Part 6, page 1) 


0.0154 x Way 
Cao A ee er 


ab 


In grains/scf @ 12 4% CO> 


(17) 0. Particulate - probe and cyclone, arains/scf @ 12 % CO 


2 12 7 . . a 
Cap * Sam * ¥- gra. 


é 
ba 


(13) €. Particulate - probe, cyclone, and filter; grains/scf @ 12 % CO 


12 | 
Cag = Pr X Voa 


(19) F. Particulate - total, qrains/scf @ 12 % CO, 


t—4 mrs = 
Car Ca0 x 7 


ACAL<1R (12,/67) 
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ba fete 


Part 3 p. 3 of 3 
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In grains/cf_ @ stack conditions 


(20) &. Particulate - probe and cyclone, arains/cf @ stack conditions 
: aie 7x C5, x Pai x MeN 


C ; 
as ein ee See 
df 
(21) i. Particulate - probe, cyclone, and filter, grains/cf @ stack conditions 
; 17.7 x Gee Pal x Mch _ 
a 
TGF “re 


(22) 1. Particulate - total, grains/cf @ stack conditions 


17.7 x Cs x Pai x Mch _ 
(Toe + 460) 


au 
Tn 1b/hr 
(23) J. Particulate - probe and cyclone, 1b/hr 


Cy = 0.00357 x Ca x Vat = 


(24) K. Particulate - probe, cyclone, and filter, Ib/hr 


Caw = 0.00857 x oe x Vab = 


(25) L. Particulate - total, lb/hr 


Cy = 9.00857 x Coo x VG = 


(6) ¢.. “Sasokinetic ee ee 
Voh x io x Pai x ty % iyre ax 
(Go to Part 7, p. 1) 


re from Orsat data and calculation sheet (part 7). 
Vab? Tae Vane P di? from velocity data and calculation sheet for test (Part 5). 
; Soh from moisture content data and calculation sneet (Part 6). 


ay from particulate sampling train data and calculation sheet (Part 3). 


4 
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Part 4, p. 1 of 2 DEPARTMENT OF HEALTH, EDUCATION, AND WFLFARE FORM APPROVED 


J te Sepp. 00244i9000100200888GET BUREAU 
Approves Ferre PL Pollution Control NO. 68R-1056 


APPROVAL EXPIRES 
Jan. 1973 
VELOCITY TRAVERSE DATA AND CALCULATION SHEET 
(Burners Only) 


Nate Time Run Now | 
Sampting point location _ 
Stack area (Saq)s in.? | 

- Net bulb temperature (Ths ), 
Dry bulb temperature le mk eee 7 | | 
Barometric pressure (Piy). in. Haq absolute = | 


Note: Calculations for S-type pitot tube, C = 0.85 Drawing of stack 
; cross section 


re ce cree cere eee ecient te 


ee ee rt ee ee ee « 


* 


ee eee 


ieee SA gi ee | 
Jistance Stack >see. Temperature | Velocity | 
Point! from ref. press. (Pin) a) head (V3), Vax (Ty) a? 460) WV. x (7) at 460) 
j 0 


7 
q 
, 
| No. point, in. rs 
ae 
‘Se 


- (gage) 


me ape ee oe 


— a oa aaa aaa acme a 
SSaREnian Gene eee 
ee 
| ae ore Se ~---b-- -—_—— +-—— Sat Re chokes 
SE Ng ee a es a ee ta ee ee 
: eee | | 
ocean! ope caine Sew caine cae. ce ame et en wo we 
| ; : me 
—_———- = ee =sh ae ted ce nie one a te Oo erect ee wa Spe) 
ft 2 an | | ‘ 1 Care eee ‘ 
In. tq 
(abs). = \ 


Ae ee ome een er ee a RR ee ee me ee em 


p = P + Pp = F ( 
Giiioved Hr Reledbe 2001195703 2 GIA-RDP86-00244R000100200025-7 i 
NCAP-19 (12/67) , 


Part 4, p. 2 of 2 


roved Formelease 2001/09/03 : CIA-RDP86-002446000100200025- 7 
(9) A, RBIS ture in stack gas, from wet and dry bulb temperatures using 
 p$ychrometric charts (Vag) % = 


(10) B. Mole fraction of dry gas 


100-V, 
es . u = M 
~ 00 * hg © ————— 
(11) C. Stack velocity @ "he 9 and Thy (stack conditions, includes moisture), fpm 
7 __ 
ea OEAUTS PEALE ay) 7 “hf ——_—— 
c 
(12) D. Stack volume @ standard conditions, scfm 
0.123 x Vag * Saq % 
te ey a 
(Go to Part 5, n. 2) 
“ok fron Orsat data and calculation sheet (Part 7). 
NOAH 12/67) 16 
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LALIH,. CUULATLUN, ANU WCLI Ane Pied rye I 
Part 5, p. lof 2 DEPARTMEN] OF HEAL Aes are: prt 


rove f, -H8R-1056 
APP dFereneteacsh ted faba PRSHEEeRneanarer 0020088 Ines 


Soe erent 


| 
| 
| 


VELOCITY DATA AND CALCULATION SHEET FOR TEST | 
(Curners and waste) 


Date eetieiea HO Rees. 


Sampling noint location = ss Run Ow 
| Stack area (S44), in.? be cig Met SS. — 

uote: Calculations for S-tyne pitot tube, C = 0.85 Drawing of stack 
cross section 


t 


oistance Stack 
‘Point: ‘from ref, gies (Pu. ees 
10. point, df 


‘ 


i 


x (Ty¢t 460) iWex ( (Tyr 460) t #60) 


V b 


b 
in. lig (one) [cor 


ey Cae mer ee are bon = neat - - aoa a : Cpr go ee ee ag a 


nod an at 


ic 


| cage i ee ee ee ean LOTS ae | 
| oe ane os ee nee) = eee ae ete Hs a SII ON crac ee 


es 


i i 


i 

| 

\ — 

Pai) r Paj er ! 


ee ee a ete ee ee ener ate me, 


oe SS va 
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NCAP-~20 (12/67) 


Part 3. p. 2 of 2 
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(13) A. Stack velocney Q@ P 4g and Toe (stack conditions), fom 
see —, 1/2 


: See eae 
4350 x Sue x 4 V 


ee —w| 


(14) B. Stack volume @ standard conditions, scfm 


Vath x a ch 


(Go to Part 7, n. 2.) 


2 ces SE eee eS en 


ee ee 


Nea? ch from stack moisture data and calculation sheet (Part 6). 
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Part 6, D: 1 Ab ovedEBrediGdde Q60HFdG/OS . EDUELTHOC-NOMMARANCPARE00025ORM APPROVED 


Public Health Service BUDGET BUREAU 
National Center for Air Pollution Control NO. 68R-1056 
APPROVAL EXPIRES 
Jan. 1973 


STACK MOISTURE CONTENT DATA AND CALCULATIONS FOR TEST 
Date 


Ne se ae er tte ene te 


| Run to. | 
ies on ee Ee oe; 


H90 condensed in impingers 


H20 absorbed by silica gel 
(Vag)> ml 


a en in 


Total Ho collected 


= ae = (V cb * + V lea) ml 


Vol of H,0 vapor @ : 700F and i. 
29.92 in. Hg = 0.0474 x Vie | 
te = Weg) cf cf | 


hoisture in stack gas gas 
= (V. q)? % (from formuija belov) 


Hole fraction dr fraction dry gas, gas, | 
= = (Mey) (from formula below) | 


Molecular weight of stack gas ae | 


{ 
| ae | 
aun ea) (from formula below) ee Ge | 


(6) A. Moisture in stack gas (Vv. q)? % 
oy x ve 


(7) B. Mole fraction dry aas (Mon) 
: 100 - Veq 
100 
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Part 6, p. 2 of 2 
; Approve 
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(8) C. Molecular weight of stack gas 


ca 


: og. 
=Me XM + 181 - Moy) 


bj 


(Go to Part 4, p. 2.) & 


ee A A RN ee ce sam 


Vab from particulate data and calculation sheet (Part 3). 


Ms from Orsat data sheet (Part 7). 


J 


NCAP=-2) Crh , 
' V 
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Approved For BeleasepeAh705/03) ) GIAGRPB6-002448500100200028icrr BuREAY 
National Center for Air Pollution Cortrol NO S2R-1056 
APPROVAL EXPIRES 
Jan. 1973 


ORSAT DATA AND CALCULATION SHEET 


EE TT NS NT SRA 


Orsat Analysis - Burner Only (From baq sample) 
Samoling point Jocation. 
Date 


: ty Se % vol (d ry | 


~“—wawe 2 ow rome 


co My ) vol (dry) 
i 


4a7n00 ~ | 
ue fee re 
23/100 | + 
ww DE ee er ee oe ee amare ee 


acs % vol (ary) . | | | 32/100, | + | 
7 ee ee be ee here ee er he a ence enn eee Semen Gand es ree ee ee 

vor { ' f) 
Ny (Vig) % vol (dry) | | | 


vam me ene meee tee one mm ne ene: omens: ommmes  eeeees  bneninie eeeres come: de 


Chk = Avg wiolecular wt | 
of drv stack aas*} -——---— 


Orsat Analysis for Test - 'aste and Surners (From bag sample 
UNSal WNALYSIS TOY Vest = taste anu ourners g 


4 ee ee eee _____ Time, See ee MUI NO 
Sampling point location 
ome lusts “eames | ‘Analysis | a ee 
ah 2? 3 | Avg | moje we: (dry} 
ae ara = staineat samahmarseandt pce aes Se Se ere ee ee 
COn AN) vol (dry) | : oy 1 AAs/iGA 3 
eee ey a a a seceapee sean ae iia er 


> ee 
ae | 
2g ee ph Sedna tn co Rare CS epee yee Eeiaee Sana 2 Seen tie ao aan ee 
cs 


Rat Sen eee reyes eee Coe ee 
in (Vy ae % vol (drv) | 1 Bd ‘ 
ead Oe Me Seiten Sook, a bycuslG Be a taatecel SS ah eae ot Re SEIS ad Sted, gM tly ae cits 


mo. = Ava molecular wt of 
dry stack qas = ee j 
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(28) A. Excess air, % 


v 
b 
CT ee ee ee 
V bl 


- 
“ openness 


: _ bg 
0.264 x V3 (Ving 5 ) 


‘(Transfer all: answers to summary of results) 


(15) a C0, contributed by burner, % by volume of stack gas corrected to 


test conditions. 


\ 


5 from velocity data and calculation sheet for test (Part 5). 


{ 
Nd 


Gy, 


* Note: 


NUAPA22 ibe 


Vi =v x “hh x Go = 
bb * Va. “bin 
5) 


(16) B. CO, in stack cas from waste, ” vol {dry} 


(Go to Part 3, p. 2) 


z Vie = 


a 


bf nn 


Van from velocity traverse data and calculation sheets (Part 4). 


_ from incinerator data and calculation sheet (Part 10). 


cao4 


\. 


anuations (iStaei (iG; to calculate (V4) 


Above calculation corrects C0, of burner to stack test conditions. 


If Cl, from burner. ts determined fron an analysis of tae 


fiow. tie following equation can he used ie viace or 


2 = C0, from burners. scfm (Determine from natural gas 


flow rate} 


; Van * Vig 7 (Z x Bim % 100) 
ba cence oe: W a aia anita a ae se men ee 
: db 
oT) 
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nal Center for Air Pollution Control NO 68R-1056 
arts APPROVAL EXPIRES 
POUNDS PER HOUR EMISSION CALCULATION wanders 
Total particulate collected by train, grams Waa = 
Area of sampling nozzle, in.? Wy 
| ; — 
Area of stack, in. ; We 
Time of particulate test, min. ; él nit Wg s : 
Emissions, Ibs/hr , 
: 0.132 XW, X Hy, a — 
7 ib x Wig oh 2 a 


Note: Sufficient data and calculations should be included to show that the 
particulate train was operated within 10 percent of isokinetic conditions. 
Comparison of the probe sampling velocity to the stack gas velocity wil} 

_ be sufficient for this purpose. To make this comparison it will be 
necesSary to measure: 


1. Stack temperature 
Stack velocity 


Sampled gas volume and temnerature 


& wW ny 
e ° « 


Moisture in samoled gas 
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. STICKY PAPER DATA AND CALCULATIONS 


Date 


Stack area, in. é 


Sampling point location 


Run No. 


TOE: 7 . 
Time | Part/in.~/min Part/min 
> 60 microns >60 microns 


oe ee NNN eee 


ee eds ee een severe ss soak ns EMRE nee, 
‘ 
t 


ete ee em ee oe ee cee eee eee emf ee ces er ee ~ a ee Mee ees 


Note: Particles/min = stack area x part/in. ¢/min. 
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1973 
~ INCINERATOR OPERATING DATA AND CALCULATION SHEET 
Date 
Run No. _ aes 
Primary chamber draft | Secondary | Stack 
Material nderfire, 4: chamber | opacit 
_charged, | Qverfire, | in. tH90 
1b in. H,0 (Optional) seer ' Conments 
| 
i 
= 
. 
ay 


Fraction of time all burners are operating a) 
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DEFINITIONS 


', Standard conditions - 70°F and 29.92 in. Hg 


sef - Standard cubic foot of dry gas @ 70°F and 29.92 in. Hg 
scfm ~- Standard cubic foot per minute of dry gas @ 70% and 29.92 in.Hg 
Stack conditions - stack temperature, pressure, and moisture. 


LIST OF SYMBOLS 


Part 3. Particulate sampling train data and calculation sheet 


Con’ Particulate-probe and cyclone, grains/scf 


a particulate-probe, cyclone and filter, grainsy;scf 


Coo? Particulate-total, grains/scf 


C__, particulate-probe, cyclone and filter, grains/scf 
@ 12 % co 


» Particulate-probe, cyclone and filter, grains/scf 
2 


C_l, particulate-total, grains scf 12 % co, 


Cis? particulate-probe and cyclone, grainsy;scf @ stack 


conditions 


C particulate-probe, cyclone and filter, grains/cf 


at’ 


@ stack conditions 


La particulate-total particulate, grains/cf @ stack 
conditions 

Cc. , particulate - probe and cyclone, lb/hr 

C.., particulate - probe, cyclone and Aliéee: lb/hr 


C _, particulate - total, lb/hr 


D , sampling nozzle diameter, in. 


‘ 


aa, barometric pressure, in.Hg (Absolute) 


rh 
Q: 
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ad’ gas meter inlet temperature, °F 


T > gas meter exit temperature, °F 


Taw average gas meter temperature, °F 

T » het time of test, minutes 

) percent isokinetic 

volume of dry gas sampled @ standard conditions, 
V_.» Volume of dry gas sampled @ meter conditions, ft 3 


4 


Wap particulate-probe and cyclone, mg 
W ak? pareieulatesprobe. cyclone and filter, mg 
| War particulate - total, mg 
Part 4. Velocity traverse data and calculation sheet (burners only) 
Mig? mole fraction dry gas 
stack pressure, in.Hg. (absolute) 
barometric pressure, in. Hg.(absolute) 


hm, stack pressure, in. Hg. (gage) 


2 
stack area, in. 


Tha average stack temperature, a 

Thy ee DED temperature, OF 

Thk? dry bulb temperature, OR 

Vis Velocity head of stack gas (burner only) in. HO 
Vag? Stack gas velocity, fpm @ stack conditions 


Va? stack gas volume @ standard conditions, ‘scfm 


Vie as moisture in Stack gas hy volume, % 
hi 


Y 


MN 
wm 
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Pare 5. Velocity data _ and calculation sheet for test (burners 


and waste) 
Poa Stack pressure, in Hg (absolute) 


Pay? stack pressure, in. Hg (page) 


Sad? stack BUR: in 


SE 
Sue? average V velocity head x stack Semper acure 
df’ stack temperature, OF 


Ve velocity head of stack gas burner and waste, in. H,0 


T 


"ab? stack gas volume @ standard conditions, scfm 

¥dh’ Stack velocity f stack conditions, fpm 

Part 6. Stack moisture content dea and calculation sheet 
Sesame sure content cata and calculation sheet 


ss molecular weight of stack gas 


mole fraction of dry gas 
H,0 condensed in impingers, ml 
H,0 absorbed silica gel, ml 


» total H,0 collected, ml 
ce 2 
» volume of water vapor collected, cu ft @ standard 
ditions 


Mg? moisture in stack gas by volume, -% 


Part 7. Orsat data and calculation sheet 
weal gata and caiculation sheet 


4 


Com? fraction of test time all burners are operating 


molecular weight of dry stack yas (waste and burner) 


bj’ 

Mok? molecular weight of dry stack gas (burner only) 
Vea? v4 CO, from waste (dry basis) 

V 4 CO, from burner (dry basis) 


bb’ 2 
4 CO from burner (dry basis) 
Vv vi 0, from burner (dry basis) 


has % Ny from burner (dry basis) 
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be? vA co, from waste and burner (dry basis) 
he? % CO from waste and burner (dry basis) 
Von? % 0, from waste and burner (dry basis) 
bi? % N, from waste and burner (dry basis) 
bl? % excess air at sampling point 


CO, contributed by burner, % by volume of stack 


bn’ 
as corrected to test conditions 
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